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Abstract  Characterist ics o f daily po sit io n t ime series from January, 2001 to A ugust, 2007 at 12
stations in the Hong Kong GPS fiducial netw ork are investig ated in this paper. A spat ial filtering
algorithm based on principal component analysis is employed to remove the common mode errors
from the daily positio n t ime series. T he no ise char acterist ics of the f iltered posit ion time series are
assessed by the method o f maximum likelihood estimat ion. Contribut ions from atmospheric,
nont idal oceanic, snow and so il mo isture mass loading are evaluated. The results indicate that
spat ial f iltering is an ef fect ive w ay to improve the precision o f posit io n time series and provide
bet ter resolut ion for detecting local deformation signals. The common mode erro rs have strong
 5? ????: ?? GPS ???????????
seasonal v ariat ion. The observed ~ 3 mm annual ver tical v ar iat ion of the common mode error s can
be explained by the jo int cont ribut ion o f these seasonal sur face mass redist ribut ions. A fter
removing these surface mass loading effects the residual common mode errors are highly related to
the higher-order iono spheric ef fects. T he noise in the f iltered position t ime series can be described
as a combinat ion o f variable w hite noise plus flicker no ise. T he velo city uncertaint ies are about 2
~ 6 t imes larg er if only variable w hite noise is assumed. The maximum r elat ive hor izontal velocity
betw een the sites is 1. 5 mm/ y r, w hich indicates some local fault activit ies. In addit ion, there are
obvious 1~ 2 mm local seasonal signals in the filtered position t ime series of some sites. The
residual scat ters of all f il tered time series also show st rong seasonal characterist ics.
Keywords  GPS, T ime series analysis, Spat ial f iltering , M ax imum likelihood est imat ion, N oise
characteristics
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??/ mm ??/ (b)
???
??/ m m ??/ (b)
?????
??
??/ mm ??/ (b)
???
??/ m m ??/ (b )
N 0. 89 ? 0. 42 217 ? 27 2. 10 ? 0. 29 258 ? 8 0. 86 ? 0. 42 189 ? 28 2. 19 ? 0. 30 258 ? 8
E 1. 54 ? 0. 60 10 ? 22 0. 82 ? 0. 43 253? 30 0. 94 ? 0. 60 35 ? 37 0. 81 ? 0. 43 257 ? 30
U 3. 22 ? 1. 05 340 ? 18 2. 44 ? 0. 74 58 ? 17 0. 93 ? 0. 95 92 ? 59 2. 38 ? 0. 68 50 ? 16
  ?:?????????????????? 1? 1?.
? 7 ????????????????????????????????
F ig. 7 T he deformation time ser ies caused by atmospheric, nontidal oceanic,
snow and soil mo istur e mass loading in H ong Kong
??? 2001~ 2003??? 3?? 9?,?????
????????????????, ???? 20
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????[ 17] ;??,?? FN+ VW ???????
???? GM+ VW ???,???? FN+ VW ?
???????,??????.
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????????????( WRMS) .?????
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0. 05? 0. 40 ? 0. 04,??????????? 1. 0 ?
0. 1 mm?1. 1 ? 0. 2 mm ? 4. 3 ? 0. 4 mm .????
???????????, ???? FN + WH ?
???????????????.??????
?????????1. 32 ? 0. 08 mm?2. 50 ? 0. 10 mm
? 3. 72 ? 0. 21 mm; ?????????? 8. 24 ?
0. 30mm/ yr
1/ 4?11. 89 ? 0. 45mm/ y r1/ 4?20. 62 ?
0. 84 mm/ yr1/ 4 .????, ????????,??
????????????????, ?????
?????.
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??????? 3 ??. ?? 3?????, ??
??????????????????????
???????? 2~ 6 ?. ?????????,
??????? 6. 7?????????????
0. 2 mm/ yr, ??????? 3????????
??????? 0. 5 mm/ yr ;?????????
??????0. 5 mm/ yr.? 10????????
???? HKFN ??????. ??????, ?
??????????????????, ?
HKNP ? NKOH ??????. ??? 10???
??????, ?????? HKNP ? 1. 44 ?
0. 32 mm/ yr ?????? S30 ? 15b W ????,
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Table 2  Noise amplitude estimates and repeatabilities of the filtered position time series based on FN+ VW model
?? ??/? ???????
N E U




HKFN 6. 7 0. 34 0. 25 0. 36 1. 14 2. 43 2. 98 1. 03 1. 25 3. 67
HKKT 6. 7 0. 33 0. 23 0. 37 1. 26 1. 80 3. 08 0. 95 1. 04 3. 26
HKLT 6. 7 0. 30 0. 26 0. 37 1. 89 2. 03 4. 27 0. 95 1. 17 3. 36
HKMW 3. 1 0. 34 0. 25 0. 40 1. 24 1. 52 0. 00 0. 85 0. 95 2. 92
HKNP 3. 1 0. 45 0. 40 0. 49 1. 96 2. 91 0. 00 1. 19 1. 56 3. 70
HKOH 3. 2 0. 39 0. 32 0. 45 2. 18 3. 77 2. 91 1. 13 1. 50 3. 83
HKPC 2. 9 0. 35 0. 26 0. 36 0. 96 1. 03 0. 00 0. 85 0. 94 2. 82
HKSC 4. 9 0. 32 0. 24 0. 36 1. 33 1. 42 2. 40 0. 93 0. 98 3. 44
HKSL 6. 7 0. 32 0. 24 0. 37 1. 28 1. 62 3. 80 0. 92 1. 05 3. 50
HKSS 3. 2 0. 42 0. 32 0. 43 2. 31 1. 70 1. 56 1. 24 1. 21 3. 35
HKST 6. 7 0. 33 0. 25 0. 41 1. 20 1. 62 2. 15 0. 92 1. 09 3. 43
HKWS 3. 2 0. 37 0. 31 0. 41 0. 72 1. 22 0. 00 0. 88 1. 13 3. 14
?? 0. 35 ? 0. 04 0. 28 ? 0. 05 0. 40 ? 0. 04 1. 46 ? 0. 50 1. 92 ? 0. 77 2. 89 ? 0. 87 0. 99 ? 0. 13 1. 16 ? 0. 20 3. 37 ? 0. 30
 ?:????????????????????????????????????????????.??????,? 3?? 4?? 5
?????????????????????(?? FN+ VW??????????????? VW ????????????
?)????.
? 3 ?? FN+ VW????? ITRF2005?????????
Table 3 Estimated ITRF2005 velocities and their uncertainties ( 1R) based on the FN+ VW model




HKFN - 13. 63 ? 0. 08 31. 15 ? 0. 16 1. 49 ? 0. 23 3. 26 5. 23 2. 52
HKKT - 14. 22 ? 0. 09 31. 19 ? 0. 12 0. 77 ? 0. 23 3. 76 4. 63 2. 83
HKLT - 14. 00 ? 0. 13 31. 73 ? 0. 14 0. 91 ? 0. 31 5. 26 4. 56 3. 60
HKMW - 14. 27 ? 0. 18 31. 70 ? 0. 22 0. 54 ? 0. 38 4. 06 4. 35 2. 55
HKNP - 14. 87 ? 0. 28 30. 42 ? 0. 41 0. 65 ? 0. 48 4. 38 4. 84 2. 55
HKOH - 14. 41 ? 0. 29 30. 28 ? 0. 49 0. 22 ? 0. 46 5. 44 6. 80 2. 46
HKPC - 13. 56 ? 0. 15 31. 21 ? 0. 16 1. 99 ? 0. 38 3. 25 3. 14 2. 55
HKSC - 13. 61 ? 0. 16 32. 13 ? 0. 17 0. 02 ? 0. 36 3. 10 3. 12 1. 88
HKSL - 13. 93 ? 0. 09 31. 97 ? 0. 12 0. 44 ? 0. 29 3. 91 4. 20 3. 16
HKSS - 13. 87 ? 0. 30 31. 31 ? 0. 23 - 0. 60 ? 0. 27 5. 51 4. 16 1. 87
HKST - 13. 92 ? 0. 10 32. 07 ? 0. 13 0. 94 ? 0. 20 3. 60 4. 00 2. 05
HKWS - 14. 20 ? 0. 11 31. 81 ? 0. 18 - 0. 26 ? 0. 36 2. 49 3. 08 2. 55
??????. ????????, ???? GPS
???????????????? mm ???
???????,???????????.








?? 5 ????, ?????????????
?,?????????????0. 7 mm?1. 5 mm
? 2. 2 mm;??????????,??????
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? 4  ????????????????????
Table 4 Estimated annual amplitudes and phases, and their uncertainties ( 1R)
?? N??/ mm ??/ (b)
E
??/ mm ??/ (b)
U
??/m m ??/ (b )
H KFN 0. 41 ? 0. 07 310 ? 9 0. 86 ? 0. 13 70 ? 9 0. 93 ? 0. 19 251 ? 12
HKKT 0. 67 ? 0. 07 214 ? 6 1. 14 ? 0. 10 196 ? 5 0. 50 ? 0. 19 336 ? 22
HKLT 0. 30 ? 0. 10 146 ? 19 0. 49 ? 0. 11 337 ? 13 2. 24 ? 0. 25 133 ? 6
HKMW 0. 15 ? 0. 11 317 ? 41 0. 14 ? 0. 13 127 ? 51 1. 38 ? 0. 23 34 ? 10
HKNP 0. 46 ? 0. 16 348 ? 20 0. 98 ? 0. 23 83 ? 14 0. 66 ? 0. 28 230 ? 23
HKOH 0. 67 ? 0. 17 59 ? 15 0. 62 ? 0. 29 13 ? 26 1. 05 ? 0. 29 285 ? 16
HKPC 0. 63 ? 0. 09 274 ? 8 1. 46 ? 0. 10 58 ? 4 0. 32 ? 0. 25 274 ? 42
HKSC 0. 34 ? 0. 09 57 ? 15 0. 76 ? 0. 10 278 ? 7 0. 29 ? 0. 19 168 ? 41
HKSL 0. 35 ? 0. 07 33 ? 12 0. 08 ? 0. 09 106 ? 64 0. 43 ? 0. 23 292 ? 30
HKSS 0. 31 ? 0. 18 119 ? 34 1. 52 ? 0. 14 223 ? 5 0. 75 ? 0. 19 81 ? 16
HKST 0. 33 ? 0. 07 268 ? 12 0. 22 ? 0. 09 255 ? 24 0. 44 ? 0. 16 13 ? 23
HKWS 0. 21 ? 0. 07 129 ? 19 0. 56 ? 0. 11 223 ? 11 0. 73 ? 0. 25 341 ? 17
? 5 ?????????????????????
Table 5 Estimated semiannual amplitudes and phases, and their uncertainties ( 1R)
?? N??/ mm ??/ (b)
E
??/ mm ??/ (b)
U
??/m m ??/ (b )
H KFN 0. 18 ? 0. 05 202 ? 16 0. 17 ? 0. 09 55 ? 32 0. 13 ? 0. 16 169 ? 71
HKKT 0. 19 ? 0. 05 301 ? 16 0. 38 ? 0. 07 319 ? 11 0. 25 ? 0. 15 308 ? 35
HKLT 0. 17 ? 0. 07 33 ? 24 0. 29 ? 0. 08 13 ? 16 0. 88 ? 0. 19 293 ? 12
HKMW 0. 03 ? 0. 08 94 ? 128 0. 10 ? 0. 09 350 ? 52 0. 11 ? 0. 11 215 ? 85
HKNP 0. 18 ? 0. 12 167 ? 36 0. 44 ? 0. 17 326 ? 22 0. 37 ? 0. 24 326 ? 38
HKOH 0. 23 ? 0. 12 211 ? 31 0. 24 ? 0. 20 85 ? 49 0. 39 ? 0. 23 87 ? 34
HKPC 0. 06 ? 0. 07 201 ? 60 0. 05 ? 0. 07 351 ? 89 0. 30 ? 0. 20 183 ? 13
HKSC 0. 12 ? 0. 06 93 ? 31 0. 15 ? 0. 07 280 ? 26 0. 24 ? 0. 16 190 ? 39
HKSL 0. 17 ? 0. 05 195 ? 18 0. 17 ? 0. 07 334 ? 22 0. 72 ? 0. 17 97 ? 14
HKSS 0. 32 ? 0. 13 228 ? 23 0. 30 ? 0. 10 11 ? 19 0. 46 ? 0. 17 228 ? 21
HKST 0. 07 ? 0. 05 13 ? 42 0. 20 ? 0. 07 60 ? 20 0. 31 ? 0. 14 15 ? 26
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Fig. 11 Daily residuals of the filtered time series of HKFN
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